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EFFECT OF MACﬁ NUMBER-ON PQSITION ERROR
AS APPLIED TO A PITOT-3STATIC TUBE
.LOGATED 0.55 CHORD AHEAD
OF AN ATIRPLANE WING
By W. F. Llndsey

SUMMARY

The effect on statlc-pressure measurements of
locating a pltot-statlc tube 0.55 chord shesd of an
alrfoll section hLas been investigated, The tasts were
conducted in the NACA 2li-inch high-speed tunnel on
alrfoll sectlions of varlous thlckness ratlios over a
large range of Mach number. The results show that for
a wing having a thickness ratio of 0.15 the measured
Mach number, determined from a pltot~statlic-tube reading,
1s approximately 9.01 too low at a stream Nach number
of 8. and approximately 0.03 too low at a Mach number
of 0.0.

INTRODUCTION

Pressure measurements from pltot-static tubes
mounted on alrcraft are subject to two types of error,
namely, the calibration error and the position error.
The calilbration error is a functlon of the design of
the pltot-atatic tube, and conslderahle data are avallable
to show the variatlon of this error at high Mach
numbers (reference 1l). The positlon error, which is
dependent on the location of the pltot-statlic tube
with respect to some other body, results from the
Influence of that body on the flow at the pltot-statiec
tube and affects, primarily, the statlc pressiure. The
magnlitude of thls error and the variatlion of the
megnlitude with angle of attack are usually determlned
by low-altitude flight calilbrations. The existence of
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a large change 1n posltlion error at high Mach numbers
has bean observed in flight for installations below the
wings of alrcraft.

Thes data presented and dilscussed hereln wers
obtalnsd as a part of a tunnel-wall investligatlon whlch
was conducted in the NACA 24-1inch hlgh-spesd tunnel and
in which a part of the two-dlmsnslonal-flow fleld
around an alrfoll was mesesured. The mesasurements of
the statlic pressure were made at the tunnel wall in the
region ahsad of the alrfoll on ths chord extended
(fig. 1). These measurements indicate the position
error in the cass of many standard pltot-statlc-tube
installations but not the change 1n callbration error
resulting from the variatlions in the pitch angle of
the pltot-statiec tubs or ths errors in the total preasure.
The tests were conducted for a large range of thilckness
ratlio at 11ft coefficlents extending from approximately O
to 0.7 and at Mach nunbers extending from approxi-
mately 0.25 to 0.80

APPARATUS AND METHOD

Tosts of the NACA 16-106, NACA 1€-215, and NaCA
16-120 airfoll ssctlons were conjucted In the NACA
24-inch high-spesd tunnal (refarsnce 2) with tle
circular test sectlon modlified by the Installatlion
of flats on the tunnel walls. Those flats reduced
the span of each mcdsl from 24 to 18 inches (fig. 2).
Each model complstely spannsd the test sectlion and
passed through holes, of the sams shape but slightly
larger, in large cilrcular plates that were fitted into
the flats In such a way as to rotate with the model.
(Ses fig. 2.) Pressures ware measured at static-
pressure orilflces 1installad In thsse platss ahead of
the model on tho chord oxtsnded, as shown In figure 1.
These vpressure orlfices ware connected to a photo-
recording multlple-tube manometer (reference 2), and
measurements were mads for Mach numbers extending from
approximately 0.35 to 0.60.

RESULTS AND DISCUSSICN

The symbols used 1n the pressntation of data for
the present tests are as follows:
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p! statlc pressure measured at orifice ahead of

airfoil
; p “stream statlc pressure - .. . ...
-H total or stagnation pfessure

cy section 1ift coefficlent
M Mach number

t/c thickness ratio of model
a angle of attack of model
c chord of model

vy indicated airspeed (true alirspeed at standard sea-
level preszure and tomperature)

h pressure altitude

Tke baslc results presented in flgure 3 show that
the statlc prassure at 0.55¢c ahead of the lsadlng edge
of the model is greater than the stream statlec pres-
sure, In accordance with theory. Thls result occurs
bscauvse of the stagnation reglon that exists at the
leuding edge of ths modal. Figure 2 also shows that
the magnlitude of the dilfference between ths measured
and the stroam statlc pressures Increases as the
thlclmess of the model 1increases because of the
increassd extent of ths stagnatlon regilon.

The effects of compressibllity on the flow along
the upper and lowsr surfaces of an airfoll have been
shown by experimsntal investlgations (refersnce 2) and
by theoretical studles (refersnces 4 to 7). No
quantitative information, howsaver, has been available
on the flow filsld ahead of the polnt of stagnatlon
pressuras, that 1ls, the raglon of zero valoclty.
Bacause of the unusual condltion exlsting at tnils
rolnt, the methods which have been aprlied to the
flow along the surfaces are not kesllievad to be appll-
cable to the raglon under consicderatlon.

Theoratlcal studles of compreszsibls flows &and
experimental data have shown, however, that ths extent
of the rasgion at the leading edge of modsls, in whilch

®
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the pressura ls greater than strsam pressure, lncreasas
with increasing Mach number. These increasss are com-
parable to increases in thlckness, the effect of which
at a constant Mach number can be seen in figure 3.

This effect may be mcdified by the decrease 1n the
extent of the field of Influence upstrsam of th® model
wlth increasing Mach number, which results because the
veloclty of pressure propagation is equal to ths
veloclty of sound. Although no quantitative comparlson
of ths relatlve magnitudes of the two effects can be
given from previous investigations, it can bs seen 1n
figure 3 that fcr the present Investlgatlion the over-all
effsct of compressibllity on the fleld of flow 1is to
increase ths prassurs and thsrsty lncrease the position
error wlth lncrsassd Mach number.

The locatlion of tha pressure orifice relative to
the model ramainad -unchanged for changes 1in angle of
attack.,. The offect of changes 1ln angle of attack or
in 11ft ccefficlent on the static-pressure error 1s
small witklin the 1llmlts of this investlgation. A
more extenslve 1lnvestigation of the fleld of flow
ahead of the modal would be needed to explaln ths
reason for the difference 1n dlrection of the change
in thils statlic-pressure error with increase in 1lift
coafficlent at M = 0.4 for the airfoils having
thickness ratios of 0.06 and 0.20. (Ses fig. 3.)

The affact of pressure altltude on the varlation
of the posltlon error wlth indlcated alrspesad 1is
presented in filgure 4. These varlatlions with altitude
are a result of the varlatlons of Mach number wlth
altitude at a constant indlcated airspsad.

The baslc results of figure 3 for an angle of
attack of 0° have been converted to show, in figure 5,
the error in Mach number resulting from the Iincreased
static pressurs. The most significant result indlcated
In this flgure 1s the offect of position srror on ths
magnitude of the error in tha determinatlon of the Iach
number. For the alrfoll with & thickness ratlo of 0.15,
the Mach numb3r decrement 1s approximately 0.01 at a
Mach number of 0.4 and 0.03 at a Mach nunber of 0.8;
for the airfoll with t/c = 0.30, the Mach number
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decrement 1s apzroximately 0.01 at a Mach number

of 0.25 and 0,06 at-a Mach number of 0.72. The
decrement for alrfolls having a thickness ratilo .
of 0.06 or less 1s probably within the usual accuracy
of measurements.

Langley Memorlial Aeronautical Laboratory,
National Advisory Committse for -Aeronautics,
Langley Fleld, Va. :
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LA 1ncl; frrgh-speed Funnel.
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(a) Over-all view with access door removed showing
model installation.

(b) Downstream view with modél in place.

Figure 2.- Modified test section of the NACA 24-~inch
high-speed tunnel.




NACA CB No.

L4E29

— TT an o
v » HHH ¥
. K L
a5
o3 H
wn s
28
<
a FecH
o i H
22 %, it
Z wi HH n
o w T 4 ~
= - man el EEa h an
EE : i S
55 b “
Z X %
o B ] " r}
'y TEER M o ] BN
- H S HH
1T u
] T ]
] PN
1. \d—wlu
1_—\_7—\1 T
A3 gar
! M ARE N
L3 T -
R b pa e
1 1T
1T
" I
t -
I
T ).
T iy
L T |
b N T AR hags 14
ne Amx -
F ana H mC Ear -uddn.3bs
11 BAE 73 . WN Iy & T
{ L
A n . =ng
1
g »
H BE .~ Fum
c us
H HH
T~ T
2 £
T H = T 0 28!
i L ES g 1 nmﬁ
p H N
xu -H S H H
, k') . I 1
‘N R _|
; Y - 1 -
R A, S IIEERARARS) BAR N H
v ~ i 1 7 ot
1 I ~ uey
o g T 5 . H-H+ oT
) i rt T D I3
} <
OOt F T N
i H i 1 T
H SH um adl
E I = LT e §
- , Bt
b 1 -4
" et R
I al ”
] } T wa. Yo
-+ - - T |
3 l HH
in IT 1 i} e 1
u = [
; ] O i I3
i 1 - . 3 1= I = ,n,.
A 1 T T T - m;
s my N BR H---H- LA XK N il 3
1 I 1 " T
¥ & R FH A
! n
, =
T 4
: Y
H
ot . 1 ! -
3. E 17 T ) ! 1 » 17
. 1 r
_ Sninsat H Be A
: nas ,
T - L ! !
T i L1 T ] H
¥ ]
M
T
}
}
: t
¥
}
0 N
N o Y
axuwi
;
asman N .
-
4 T
- - ,P
T
- f
1
N
B s S HH L THTeT
[y T T 11T I
N 3T 1T 1§ [ ] T
1 ] 1 A T W




S
,_n
b

NACA CB No. L4E29

} : “
7 T ]
T Ll c
> =
%3
B w N
S8
5 -] “
] L ¢
3
as
% u
1 Qg
L E
4 N Z 3
1 ) o
I 4 o I
' 4 ™ - ¥a
. 3 HH
1 nay 11 ]
£ u
- m
B RS I T R
t T
3 i
_q bR > e
—“ - | n -
. § L
1 = oy
4 -t
T 1 I k)
I pamn HIR
1 1T 11
+ e gk aw
19 . i
H EE \SEEt w
. + 1 A el RERRAREEE
Typna nam ] 28 a SN Y T
g g T ¥ Wl e B
' g = H T m2 g T
e R i
5 , ; £
1 ) T N e
1 i my P B SUNE SRNAY NER Y
: ST
H- S __
f i 1
1 L W
X
T
o
et : 5N
Luﬂ .L.:.u. TRy LY " SO R
1 1 1.
P g : :
= P H AT AR T
T T m
" =] L W3 | H o o
T T 1t 1
1 T 3 1
TR W ) t
T -— T B |
- g o \n SRR s
ant . BAS NNEEE R L8 KR~ WEE Y N Lnr
L1 Rk .. W tu A 1
T+ N T T
 § ! X% v BB '
2 u ¢ NS &
AR RN 14 A AN ¥
: s g
T
]
[
f
\
T e
+
;
+ T
t
b
i LAt
e n
i s
e )]
tHFE
2 L
’ s

2y

>




NACA CB

No.

L4E29

v } 2 L
¢] f ;
W w s iry T mnr
o M FyrHH
©u m In T
W w SN
-«
< -3
= waun Y muE
i
Z w e SRt
ar N Ras
Q .-H T HH
_M = ; s FHHH
Be \lanaaa
"z x i m%mm
IS ¥ X
. [} am 2§ '
H T
H ERN
amEN I | 1
t
1
]
v
Ty N 1 .J_n
SRS = 3
T i e N T
T T
T —+ % !
14 o -t ) ANERR
1 T Bamn
S Fitry M t : s many
I I 1 -
T L } 1] 4 11T '
ma shagpaguaapsl T
L 2y T
N N Fob-Has 4 e
T
H 3 : B8 p SRa)
: 7 ST
HHY
T H Eas T AT
] Al i & L 1|
i EhAS
1 nE | Sems nly =ls Vafs
2 T £
T RIN = r._ -
£ H ; ! o - It m_niu
; ) t t
T | 5 - T
[ S AT a 1
1 L 10 ] L
HH {
H T J T t s
1 | L 1 1 I J I A+lk4 [
T | L 1 ! [ T B
T - T T HH? T = T
ki 1 W + iy I T Rl 4 i —_dgisxhen: o
PR ) 1 T : " T3 R SR - nm*I
ks T T ™
aps SR "
T | ] RN
T T i s.y, & m
: L
Ly Ay 3 m
T ;
] T
N ¥ I
B 1. I ]
+ +
..... H ; pund
~
r , SBasE
T -
t
| L“ b ﬁ
g ! | ]
! 1 t
b ] : ; t T -
4 1- T
1 ! T
z I e m
1 1 R iy I
. 1 1 17113 "
H 1 n i
sesen 2 i ;
; 5 T 32 T B s
T
oy e - ! T}
8 ' s an
; ;
; t :
H ! '
; H T ]
; } : ]
; . b
T : Y ; aERN]
s I 7 1 { ) T iy
A Lanet T i




